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(54) PHOTOMASK AND ION MILLING METHOD AS WELL AS METHOD FOR WORKING MAGNETIC 
HEAD 

(57)Abstrac1> 

PURPOSE: To make it possible to obtain slider rails (slider patterns) 
having high reliability to prevent redeposits from remaining on side 
walls. 

CONSTITUTION: Magnetic head substrates 18, 19 formed with a 
photosensitive material 20 are prepd. on a slider surface. A photomask 
21 formed with diffraction gratings 3 at least at the ends of mask 
patterns 2 is irradiated with exposing light 4 and the exposing light 4 is 
diffracted by the diffraction gratings 3, by which the mask patterns 2 
are exposed and transferred to the photosensitive material 20. The 
photosensitive material 20 is thereafter developed to impart a taper 
angle to the side walls of the patterns of the photosensitive material. 
The slider surface of the magnetic head substrate is irradiated with an 
ion beam 22 with the photosensitive material given the taper angle on 
the side walls of such patterns as a mask, by which the slider surface is 
ion milled and the slider rails 15 to prevent the redeposits from remaining on the side walls are formed. The 
photosensitive material is thereafter removed. 



■IB 



114 uu i w K 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 



« UJate of final disposal tor application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



JP 08-321025 A 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] The photo mask characterized by having the mask pattern formed by the diffraction grating. 
[Claim 2] The photo mask according to claim 1 characterized by said diffraction grating being a phase 
grating. 

[Claim 3] The photo mask according to claim 1 characterized by the grid pitch changing serially in said 
diffraction grating. 

[Claim 4] The photo mask characterized by the thing of a mask pattern for which the edge was formed by 
the diffraction grating at least. 

[Claim 5] The photo mask according to claim 4 characterized by said diffraction grating being a phase 
grating. 

[Claim 6] The photo mask according to claim 4 characterized by the grid pitch changing serially in said 
diffraction grating. 

[Claim 7] The patterning approach to the photosensitive ingredient which irradiates exposure light at the 
photo mask of a mask pattern which formed the edge by the diffraction grating at least, is made to 
diffract exposure light by said diffraction grating, carries out the exposure imprint of said mask pattern 
at a photosensitive ingredient, and is characterized by developing the account photosensitivity ingredient 
of back to front ; and giving a taper angle to the side attachment wall of the pattern in a photosensitive 
ingredient, 

[Claim 8] Prepare the processed substrate in which the photosensitive ingredient was formed, irradiate 
exposure light at the photo mask of a mask pattern which formed the edge by the diffraction grating at 
least, make exposure light diffract by said diffraction grating, and the exposure imprint of said mask 
pattern is carried out at said photosensitive ingredient. The etching processing approach characterized by 
using as a mask the photosensitive ingredient with which that account photosensitivity ingredient of 
back to front was developed, the taper angle was given to the side attachment wall of the pattern in a 
photosensitive ingredient, and the taper angle was given to the side attachment wall of this pattern, and 
performing etching processing to a processed substrate. 

[Claim 9] Prepare the processed substrate in which the photosensitive ingredient was formed, irradiate 
exposure light at the photo mask of a mask pattern which formed the edge by the diffraction grating at 
least, make exposure light diffract by said diffraction grating, and the exposure imprint of said mask 
pattern is carried out at said photosensitive ingredient. Develop the account photosensitivity ingredient 
of back to front, and a taper angle is given to the side attachment wall of the pattern in a photosensitive 
ingredient. The ion milling processing approach which uses as a mask the photosensitive ingredient with 
which the taper angle was given to the side attachment wall of this pattern, and is characterized by 
irradiating an ion beam to said processed substrate, and performing ion milling processing. 
[Claim 10] Prepare the magnetic~head substrate in which the photosensitive ingredient was formed to the 
slider side, irradiate exposure light at the photo mask of a mask pattern which formed the edge by the 
diffraction grating at least, make exposure light diffract by said diffraction grating, and the exposure 
imprint of said mask pattern is carried out at said photosensitive ingredient. Develop the account 
photosensitivity ingredient of back to front, and a taper angle is given to the side attachment w T all of the 
pattern in a photosensitive ingredient. The processing approach of the magnetic head which uses as a 
mask the photosensitive ingredient with which the taper angle was given to the side attachment wall of 
this pattern, and is characterized by performing etching processing to the slider side of said 
magnetic-head substrate, forming a slider rail, and removing a photosensitive ingredient after that. 
[Claim 11] Prepare the magnetic-head substrate in which the photosensitive ingredient was formed to the 
slider side, irradiate exposure light at the photo mask of a mask pattern which formed the edge by the 
diffraction grating at least, make exposure light diffract by said diffraction grating, and the exposure 
imprint of said mask pattern is carried out at said photosensitive ingredient. Develop the account 
photosensitivity ingredient of back to front, and a taper angle is given to the side attachment wall of the 
pattern in a photosensitive ingredient. The processing approach of the magnetic head which uses as a 
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mask the photosensitive ingredient with which the taper angle was given to the side attachment wall of 
this pattern, and is characterized by irradiating an ion beam to the slider side of said magnetic-head 
substrate, performing ion milling processing, forming a slider rail, and removing a photosensitive 
ingredient after that. 

[Claim 12] Prepare the magnetic-head substrate in which the photosensitive ingredient was formed to the 
slider side, irradiate exposure light at the photo mask of a mask pattern which formed the edge by the 
diffraction grating at least, make exposure light diffract by said diffraction grating, and the exposure 
imprint of said mask pattern is carried out at said photosensitive ingredient. Develop the account 
photosensitivity ingredient of back to front, and a taper angle is given to the side attachment wall of the 
pattern in a photosensitive ingredient. The slider rail with which the photosensitive ingredient with 
which the taper angle was given to the side attachment wall of this pattern is used as a mask, an ion 
beam is irradiated to the slider side of said magnetic-head substrate, ion milling processing is performed, 
and a reattachment object does not remain in a side attachment wall is formed. The processing approach 
of the magnetic head characterized by removing a photosensitive ingredient after that. 

[Detailed Description of the Invention] 
1.0001] 

[Industrial Application] This invention relates to a photo mask applicable also to a semi-conductor 
manufacture process, the patterning approach (lithography technique) of photosensitive ingredient HE, 
the etching processing approach, and the processing approach of the magnetic head of processing the 
slider rail of the magnetic head etc, into the ion milling processing approach list. 
[0002] 

[Description of the Prior Art] Conventionally, the photo mask used for exposure of a photosensitive 
ingredient forms the pattern which covers light by the chromium film on the substrate of a quartz. The 
attempt which raises the resolution limit using a phase shift mask is made as indicated by 
OplusENo.l4(November, 1991) p.p. 82"88 in recent years. 
[0003] 

[Problem(s) to be Solved by the Invention] The light which passed the conventional photo mask was a 
thing with optical intensity distribution as shown in drawing 11 (a). By the way, the part of the 
photosensitive ingredient of a negative mold by which light was irradiated becomes insoluble to a lifting 
developer about crosslinking reaction. The luminous intensity which reaches to the pars basilaris ossis 
occipitalis of a resist [ although exposure light reinforcement becomes weak so that exposure light is 
absorbed by crosslinking reaction and it goes to a resist pars basilaris ossis occipitalis, as the light 
reinforcement of the edge of a pattern is shown in drawing 11 (a) from the first / a part for a core 3 since it 
is weak is as large as a pattern core, and an edge becomes small. Therefore, since a bridge formation field 
serves as a reverse trapezoid configuration as the resist upper part shows more widely to drawing 11 (a), 
the configuration after development will turn into a back taper configuration as shown in drawing 11 (b). 
That is, when carrying out exposure development of the photosensitive ingredient of a negative mold 
using the conventional photo mask, it had the technical problem that the include angle (it is called a taper 
angle below) which the side attachment wall of a photosensitive ingredient and a processed substrate 
make will become a back taper configuration beyond 90 degrees or it. 

[0004] The purpose of this invention is to offer the patterning approach of the photo mask with which the 
forward tapered shape configuration of 90 or less degrees was acquired in the side attachment wall of a 
photosensitive ingredient, and the taper angle which a processed substrate makes that the 
above-mentioned technical problem should be solved, and photosensitive ingredient HE. Moreover, other 
purposes of this invention are to offer the patterning approach of the photo mask with which the include 
angle of arbitration was obtained as the side attachment wall of a photosensitive ingredient, and a taper 
angle which a processed substrate makes, and photosensitive ingredient HE. Moreover, other purposes of 
this invention are to offer the etching processing approach and the ion milling processing approach of 
having been made to perform etching processing or ion milling processing by which a reattachment object 
does not remain in a side attachment wall to the processed substrate in which the photosensitive 
ingredient was formed. Moreover, other purposes of this invention are to offer the processing approach of 
the magnetic head that the slider rail (slider pattern) which has the high -reliability with which a 
reattachment object does not remain in a side attachment wall was obtained. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is a photo 
mask characterized by having the mask pattern formed by the diffraction grating. Moreover, this 
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invention is a photo mask characterized by the thing of a mask pattern for which the edge was formed by 
the diffraction grating at least. Moreover, this invention is characterized by said diffraction grating being 
a phase grating in said photo mask. Moreover, this invention is characterized by the grid pitch changing 
serially in said diffraction grating in said photo mask. 

[0006] Moreover, this invention is the patterning approach to the photosensitive ingredient which 
irradiates exposure light at the photo mask of a mask pattern which formed the edge by the diffraction 
grating at least, is made to diffract exposure light by said diffraction grating, carries out the exposure 
imprint of said mask pattern at a photosensitive ingredient, and is characterized by developing the 
account photosensitivity ingredient of back to front, and giving a taper angle to the side attachment wall 
of the pattern in a photosensitive ingredient. Moreover, this invention prepares the processed substrate in 
which the photosensitive ingredient was formed, irradiates exposure light at the photo mask of a mask 
pattern which formed the edge by the diffraction grating at least, makes exposure light diffract by said 
diffraction grating, and carries out the exposure imprint of said mask pattern at said photosensitive 
ingredient. It is the etching processing approach characterized by using as a mask the photosensitive 
ingredient with which that account photosensitivity ingredient of back to front was developed, the taper 
angle was given to the side attachment wall of the pattern in a photosensitive ingredient, and the taper 
angle was given to the side attachment wall of this pattern, and performing etching processing to a 
processed substrate. 

[0007] Moreover, this invention prepares the processed substrate in which the photosensitive ingredient 
was formed, irradiates exposure light at the photo mask of a mask pattern which formed the edge by the 
diffraction grating at least, makes exposure light diffract by said diffraction grating, and carries out the 
exposure imprint of said mask pattern at said photosensitive ingredient. Develop the account 
photosensitivity ingredient of back to front, and a taper angle is given to the side attachment wall of the 
pattern in a photosensitive ingredient. It is the ion milling processing approach which uses as a mask the 
photosensitive ingredient with which the taper angle was given to the side attachment wall of this 
pattern, and is characterized by irradiating an ion beam to said processed substrate, and performing ion 
milling processing. Moreover, this invention prepares the magnetic-head substrate in which the 
photosensitive ingredient was formed to the slider side. Irradiate exposure light at the photo mask of a 
mask pattern which formed the edge by the diffraction grating at least, make exposure light diffract by 
said diffraction grating, and the exposure imprint of said mask pattern is carried out at said 
photosensitive ingredient. Develop the account photosensitivity ingredient of back to front, and a taper 
angle is given to the side attachment wall of the pattern in a photosensitive ingredient. It is the 
processing approach of the magnetic head which uses as a mask the photosensitive ingredient with which 
the taper angle was given to the side attachment wall of this pattern, and is characterized by performing 
etching processing to the slider side of said magnetwrhead substrate, forming a slider rail, and removing 
a photosensitive ingredient after that. 

[0008] Moreover, this invention prepares the magnetic-head substrate in which the photosensitive 
ingredient was formed to the slider side. Irradiate exposure light at the photo mask of a mask pattern 
which formed the edge by the diffraction grating at least, make exposure light diffract by said diffraction 
grating, and the exposure imprint of said mask pattern is carried out at said photosensitive ingredient. 
Develop the account photosensitivity ingredient of back to front, and a taper angle is given to the side 
attachment wall of the pattern in a photosensitive ingredient. Use as a mask the photosensitive 
ingredient with which the taper angle was given to the side attachment wall of this pattern, irradiate an 
ion beam to the slider side of said magnetic-head substrate, perform ion milling processing, and a slider 
rail is formed. It is the processing approach of the magnetic head characterized by removing a 
photosensitive ingredient after that. Moreover, this invention prepares the magnetic-head substrate in 
which the photosensitive ingredient was formed to the slider side. Irradiate exposure light at the photo 
mask of a mask pattern which formed the edge by the diffraction grating at least, make exposure light 
diffract by said diffraction grating, and the exposure imprint of said mask pattern is carried out at said 
photosensitive ingredient. Develop the account photosensitivity ingredient of back to front and a taper 
angle is given to the side attachment wall of the pattern in a photosensitive ingredient. The slider rail 
with which the photosensitive ingredient with which the taper angle was given to the side attachment 
wail of this pattern is used as a mask, an ion beam is irradiated to the slider side of said magnetic-head 
substrate, ion milling processing is performed, and a reattachment object does not remain in a side 
attachment wall is formed. It is the processing approach of the magnetic head characterized by removing 
a photosensitive ingredient after that, 
[0009] 

[Function] By the way, when etching by making a photosensitive ingredient into mask material, in the 
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case of reactive ion etching which impressed especially ion milling and high hias voltage, the phenomenon 
in which the shaved substrate ingredient carries out the reattachment to the side attachment wall of a 
photosensitive ingredient arises. That is, the matter which carried out the reattachment of the case 
beyond it to the side attachment wall of a photosensitive ingredient or the taper angle of a photosensitive 
ingredient was perpendicularly near forms the thick reattachment object 23 as shown in drawing 10 (a), 
without being etched since a pan is hardly carried out to the ion irradiated. And after removing this 
photosensitive ingredient, the reattachment object 23 forms the abnormalities of the letter of a projection 
like drawing 10 (b) in many cases. If it appears in the case of surfacing side processing of the magnetic 
head, it will become impossible to use such a configuration as a component, since the direction of the rate 
etch from the rate which the ingredient which it be desirable for a taper angle as show the taper angle of 
a photosensitive ingredient to drawing 1 (b) to be the forward tapered shape configuration of 90 or less 
degrees, and carried out the reattachment be also always expose to ion, for example, will carry out the 
reattachment of the resist if the taper angle of a resist be about 70 or less degrees when etch an alumina 
titanium carbide into a mask in order to prevent such a phenomenon become early, a reattachment object 
be form. Then, this invention is in the thing of a mask pattern for which a diffraction grating is formed in 
an edge at least, and the side attachment wall of a photosensitive ingredient is formed in a forward 
tapered shape configuration. Thereby, as a processed substrate, it is for example, a magnetic mead 
substrate, and in case surfacing side processing is carried out, the slider rail (slider pattern) with which a 
reattachment object does not remain can be processed into a side attachment wall, and, as a result, the 
highly reliable magnetic head can be manufactured. 

[00 10] Moreover, this invention can give a desired taper angle to the side attachment wall of a 
photosensitive ingredient in a semi-conductor manufacture process by [ of a mask pattern ] forming a 
desired diffraction grating in an edge at least. 
[0011] 

[Example] Hereafter, the example of this invention is explained according to a drawing. 
(Example l) The chromium film with which drawing 1 shows the outline process at the time of forming a 
resist mask using the photo mask concerning this invention, 1 forms a photo mask and 2 forms the 
pattern of a photo mask, the ultraviolet rays for [ 3 ] exposure in a diffraction grating and 4 (exposure 
light), and 5 are processed substrates (magnetic-head substrate) for the diffracted light and 9 to form a 
resist (photosensitive ingredient), and for 7 form resist mask (photosensitive ingredient mask) 9a. Resist 
mask (photosensitive ingredient mask) 9a is formed at the following processes using the photo mask 1 
concerning this invention. A resist 9 is applied to the processed substrate (magnetic *head substrate) 7, 
and the exposure imprint of this resist (photosensitive ingredient) 9 is carried out by ultraviolet rays 
(exposure light) 4 using the photo mask 1 of a pattern which formed the diffraction grating 3 in the edge 
at least. At this time, ultraviolet rays (exposure light) 4 are covered with the chromium film (photo mask 
ingredient) 2, go straight on in the field of a center section without the chromium film 2, are diffracted in 
the field of a diffraction grating 3, and produce the diffracted light 5. Angle-ofidiffraction thetaa of this 
diffracted light 5 It is expressed with the formula shown below (several l). 
[0012] 

sin thetaa = lambda/d (several l) 

However, thetaa The wavelength of ultraviolet rays (exposure light) 4 and d of an angle of diffraction and 
lambda are the pitches of a diffraction grating 3. Moreover, it is include ^angle thetab expressed with the 
formula showing the diffracted light below when the diffracted light 5 carries out incidence to a resist 9 
(several 2). It is refracted and the inside of a resist 9 is progressed, 
sin thetab =sin thetaa / nr (several 2) 

However, thetab Angle of refraction and nr It is the refractive index of a resist 9. When the pitch (lattice 
spacing) d of a diffraction grating 3 sets wavelength lambda of 0,7 micrometers and ultraviolet rays 
(exposure light) 4 to 0.365 micrometers in a place, it is angle -of- diffraction thetaa. It becomes about 31 
degrees from the relation of the above-mentioned (several l) formula. Moreover, refractive index nr of a 
resist 9 Since it is about 1.5, it is angkrof- refraction thetab. It becomes about 20 degrees from the relation 
of the above-mentioned (several 2) formula. Therefore, it sets to the field of a diffraction grating 3, and is 
angle -of-diffraction thetaa. The diffracted light 5 diffracted at about 31 degrees is angle*of-re fraction 
thetab. It has at about 20 degrees, the field where it progressed aslant and the diffracted light passed 
through the inside of a resist 9 constructs a bridge, and the taper angle alpha of resist mask 
(photosensitive ingredient mask) 9a after development serves as a forward tapered shape configuration at 
about 70 degrees. 

[0013] (Example 1 of a comparison) Drawing 2 shows the outline process at the time of forming a resist 
mask using the conventional photo mask, applies a resist 9 like the example 1 of this invention, and 
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exposes it by ultraviolet rays 4 using a photo mask 11. Since a diffraction grating did not exist in a photo 
mask 11, light always went straight on, and taper angle alpha 1 of resist mask (photosensitive ingredient 
mask) 9'a after development was about 90 degrees. 

[0014] (Example 2) Drawing 3 shows the outline process at the time of changing into the titanium oxide 
film the ingredient which forms the pattern of the diffraction -grating part of the photo mask of an 
example 1 from the chromium film, and produces the diffracted light 5 like an example 1 in the part of the 
diffraction grating 13 of a photo mask 12 also in this case, and the taper angle alpha of resist mask 
(photosensitive ingredient mask) 9a becomes about 70 degrees. In order that, as for the case of an 
example 1, light may not penetrate the part of the chromium film of a diffraction grating 3, the one half of 
ultraviolet rays (exposure light) 4 is covered, and the reinforcement of the diffracted light 5 becomes 
below one half. On the other hand, in the case of this example, since a diffraction grating is the phase 
grating 13 formed with the titanium oxide film which penetrates light, the reinforcement of the diffracted 
light 5 is stronger than the case of an example 1. Then, also when using the resist (photosensitive 
ingredient) of a thick film, in order that the diffracted light 5 may reach to a resist pars basilaris ossis 
occipitalis, the effectiveness of this invention can be attained enough. 

[0015] (Example 3) Drawing 4 shows the outline process at the time of it not being fixed and making the 
grid pitch of the diffraction grating of the photo mask of an example 1 the periphery section of a mask 
pattern become small, the pitch of diffraction -grating 3' of a photo mask 14 is set to 3 to 0.7 micrometers, 
and a grid pitch is as narrow as a periphery part Also in this case, the diffracted light 5 is produced like 
an example 1 in the part of diffraction-grating 3\ It responds to the grid pitch d and is an gle-of-diffr action 
thetaa. It changes and is angle -of-dif fraction thetaa at the outermost periphery of a mask pattern. It is 
about 30 degrees. It is angle-of-refraction thetab in a resist (photosensitive ingredient) 9. Refracting and 
carrying out incidence at about 20 degrees, the taper angle alpha of resist mask (photosensitive 
ingredient mask) 9a after development becomes about 70 degrees. 

[0016] (Example 4) Drawing 5 is the result of measuring the taper angle alpha of resist mask 
(photosensitive ingredient mask) 9a when changing the pitch d of the diffraction grating of the photo 
mask concerning this invention. As a resist (photosensitive ingredient) 9, the resist of a negative mold 
with a thickness of 5 micrometers was used. That the drawing solid line showed is include-angle 
(whenever [ angle-of-refraction ]) thetab in which the incident light to the inside of a resist 9 is the field of 
the processed substrate 7, and include -angle thetac to make, and light refracts for which and carries out 
incidence into a resist 9. It uses and is further expressed with the formula shown below (several 3) from 
the relation between the above-mentioned (several l) formula and (several 2) a formula, 
thetac =90 degree ^thetab =90 degree ~sin~l (lambda/(dmr)) (several 3) 

In addition, it is referred to as 0.365 micrometers and the wavelength lambda of ultraviolet rays 
(exposure light) 4 is the refractive index nr of a resist 9. It is referred to as about 1.5. Ultra violet rays 
(exposure light) 4 are include- angle thetac to the field of the processed substrate 7 about the inside of a 
resist 9. Progressing aslant, the taper angle alpha of resist mask (photosensitive ingredient mask) 9a is 
include-angle thetac as a result. Exposure development is carried out at an almost equal value. The taper 
angle alpha of resist mask (photosensitive ingredient mask) 9a is controllable to 60*87 degrees and 
arbitration by changing the pitch d of a diffraction grating with 0.5-5 micrometers using such a property. 
[0017] (Example 5) Drawing 6 is the perspective view showing the magnetic head which processed the 
slider rail (slider pattern) using the photo mask concerning this invention. The magnetic head shown in 
drawing 6 consists of the slider rail 15, the slider slot 16, the taper section 17, and a magnetic cell 61 
formed in the end face, and has the function which surfaces by the airstream from taper section 17 
direction at the time of magnetic-disk rotation. The depth of the slider slot 16 is about 100 micrometers in 
about 10 micrometers and a part with the thinnest width of face of a rail 15. The processing approach of 
the slider rail in this magnetic head is explained using .drawing...! - After forming a magnetic cell 61, after 
forming the protective coat 19 suitable on the alumina titanium carbide 18 by which cutting polish was 
carried out by sputtering to the letter of a block, the film resist (photosensitive ingredient) 20 of the 
negative mold which is mask material is laminated. Here, using the photo mask 21 (shown in drawing 8 .) 
which formed the diffraction grating 3 in the periphery section of the slider pattern (slider rail) of the 
magnetic head, the exposure imprint of the film resist (photosensitive ingredient) 20 is carried out, 
negatives are developed with a sodium-carbonate water solution, and resist mask (photosensitive 
ingredient mask) 20a is formed. Since the pitch d of a diffraction grating 3 is 0.7 micrometers, it diffracts 
light at about 30 degrees, and the taper angle alpha of film resist mask (photosensitive ingredient mask) 
20a becomes about 70 degrees. The almost parallel ion beam 22 is irradiated to a protective coat 19 and 
the alumina titanium carbide 18 using argon gas by making this film resist mask (photosensitive 
ingredient mask) 20a into mask material, and 10-micrometer recessing is performed by ion milling. 
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Although the reattachment of the alumina titanium carbide processed at this time is once carried out to 
the side attachment wall of film resist mask (photosensitive ingredient mask) 20a, since the taper angle 
of film resist mask 20a is as small as 70 degrees, the side attachment wall of film resist mask 20a is also 
processed at sufficient rate, and, in a reattachment object, the side attachment wall of film resist mask 
20a does not remain in the side attachment wall of a slot 16 from the first, either. And a reattachment 
object can form in a slide side (surfacing side) the slide rail 15 which has the high-reliability which does 
not remain in a side attachment wall by removing film resist mask 20a after ion milling. 
[0018] Thus, according to this example, resist mask (photosensitive ingredient mask) 20a is formed for a 
diffraction grating using the photo mask of a mask pattern formed in the edge at least. When the slider 
slot 16 is processed on the surfacing side (slider side) of the magnetic-head substrates 18 and 19 and the 
slider rail (slider pattern) 15 is formed in it by ion milling (etching), Since a reattachment object does not 
arise on the side attachment wall of the slider slot 16, the slider rail of the reliable magnetic head can be 
obtained. 

[0019] Drawing 9 is what shows the outline process at the time of forming the resist mask (photosensitive 
ingredient mask) of a positive type using the photo mask concerning this invention. (Example 6) The 
chromium film with which 26 forms a photo mask and 2 forms the pattern of a photo mask, They are the 
substrates for semi-conductors for the ultraviolet rays for [ 3 ] exposure in a diffraction grating and 4 
(exposure light) and 5 to form the diffracted light, and for 27 form resist mask (photosensitive ingredient 
mask) 27a r as for the resist (photosensitive ingredient of a positive type) of a positive type, and 7a etc. 
Also in the 6th example, resist mask (photosensitive ingredient mask) 27a is formed at the following 
processes using the photo mask 26 applied to this invention like the 1st example. The resist 
(photosensitive ingredient of a positive type) 27 of a positive type is applied to substrate 7a for 
semi-conductors etc., and the exposure imprint of this resist (photosensitive ingredient) 27 is carried out 
by ultraviolet rays (exposure light) 4 using the photo mask 26 of a pattern which formed the diffraction 
grating 3 in the edge at least. At this time, ultraviolet rays (exposure light) 4 are covered with the 
chromium film 2, go straight on in the field of a center section without the chromium film 2, are diffracted 
in the field of a diffraction grating 3, and produce the diffracted light 5. When the pitch (lattice spacing) d 
of a diffraction grating 3 sets wavelength lambda of 0.7 micrometers and ultraviolet rays (exposure light) 
4 to 0.365 micrometers in a place, it is angle -ofdiffr action thetaa. It becomes about 31 degrees from the 
relation of the above-mentioned (several l) formula. Moreover, refractive index nr of the resist 27 of a 
positive type Since it is about 1.5, it is angle-ofrefraction thetab. It becomes about 20 degrees from the 
relation of the above-mentioned (several 2) formula. 

[0020] Therefore, it sets to the field of a diffraction grating 3 ? and is angle -of -diffraction thetaa. The 
diffracted light 5 diffracted at about 31 degrees is angle-ofrefraction thetab. It has at about 20 degrees, 
the field where it progressed aslant and the diffracted light passed through the inside of the resist 27 of a 
positive type is dissolved to a developer, and the taper angle alpha of resist mask (photosensitive 
ingredient mask of positive type) 27a of the positive type after development serves as a back taper 
configuration at about 110 degrees. And the taper angle alpha of resist mask (photosensitive ingredient 
mask of positive type) 27a of a positive type is controllable to 93-120 degrees and arbitration by changing 
the pitch d of the above-mentioned diffraction grating 3 with 0.5-5 micrometers. This example is 
applicable also to the manufacture process of a semi-conductor. 
[0021] 

[Effect of the Invention] According to this invention, the effectiveness that the forward tapered shape 
configuration of 90 or less degrees can acquire the side attachment wall of a photosensitive ingredient 
and the taper angle which a processed substrate makes is done so. Moreover, according to this invention, 
the effectiveness that the include angle of arbitration can be obtained as the side attachment wall of a 
photosensitive ingredient and a taper angle which a processed substrate makes is done so. Moreover, 
according to this invention, the effectiveness that etching processing or ion milling processing by which a 
reattachment object does not remain in a side attachment wall to the processed substrate in which the 
photosensitive ingredient was formed can be performed is done so. Moreover, according to this invention, 
in the magnetic head, the effectiveness that the slider rail (slider pattern) which has the high-reliability 
with which a reattachment object does not remain in the side attachment wall of a slider slot can be 
obtained is done so. That is, in case surfacing side processing is carried out, the slider rail (slider pattern) 
with which a reattachment object does not remain can be processed into a side attachment wall, and the 
effectiveness that the highly reliable magnetic head can be manufactured as a result is done so. Moreover, 
according to this invention, in a semi-conductor manufacture process, the effectiveness which can give a 
desired taper angle to the side attachment wail of a photosensitive ingredient is done so by [ of a mask 
pattern ] forming a desired diffraction grating in an edge at least. 
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[Brief Description of the Drawings] 

[Drawing lj It is drawing showing the lithography process which carries out the exposure imprint of the 

pattern using the photo mask which is the 1st example concerning this invention. 

[Drawing 2] It is drawing showing the lithography process which is the example of a comparison 
compared about the example concerning this invention. 

[Drawing 31 It is drawing showing the lithography process which carries out the exposure imprint of the 
pattern using the photo mask which is the 2nd example concerning this invention. 

[Drawing 4] It is drawing showing the lithography process which carries out the exposure imprint of the 
pattern using the photo mask which is the 3rd example concerning this invention. 

[Drawing §1 It is drawing showing the pitch of a diffraction grating and the relation of a taper angle 
which are the 4th example concerning this invention. 

[Drawing 6] It is the perspective view showing the slider of the magnetic head concerning the 5th 
example of this invention. 

[Drawing 7] It is drawing showing the outline process which processes the slider of the magnetic head 
concerning the 5th example of this invention. 

[Drawing 81 It is the top view showing the photo mask for sliders of the magnetic head concerning the 5th 
example of this invention. 

[Drawing 9] It is drawing showing the lithography process which carries out the exposure imprint of the 
pattern using the photo mask which is the 6th example concerning this invention. 

1 Drawing 1.0] It is the sectional view showing the condition that the reattachment object adhered to the 
resist mask and the side attachment wall of a slot. 

[Drawing 11] It is the sectional view showing the conventional lithography process. 
[Description of Notations] 

1 ~ A photo mask, 2 A photo mask ingredient (chromium film), 3 - Diffraction grating 

4 - Ultraviolet rays (exposure light), 5 - The diffracted light, 7 - Processed substrate (magnetic-head 

substrate) 

9 - A resist (exposure nature ingredient), 12 - Photo mask using a phase grating 

13 - Titanium oxide film (phase grating) 

14 - Photo mask using the diffraction grating from which a pitch changes serially 

15 - A slider rail, 16 - A slider slot, 17 - Taper section 

18 - An alumina titanium carbide, 19 - A protective coat, 20 - Film resist 
21 - The photo mask for magnetic-head sliders, 22 - Ion beam 
23 - Reattachment object 
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